ABSTRACT----
INTRODUCTION
The Sultanate of Oman is one of the largest countries in the Arabian Peninsula with 85473.10 ha of agricultural land under cultivation [1] . Fruits represent 36.11% followed by fodder crops (39.40%), vegetables (19.72%) and field crops (4.77%). Of the field crops, cowpea (Vigna unguiculata (L.) Walp.) is regarded as an important crop among the farmers who grow it for both food and green fodder [2] . The characteristic location of Oman makes its northern part represent Asian countries and its southern part, the African continent in both climate and culture.
Cowpea is a grain legume crop cultivated in the tropic and subtropical areas of the world perhaps because of its drought tolerance. Cowpea is one of the important legume crops in Africa [3] [4] , American countries [5] and Asia [6] . The cowpea is known for its ability to fix atmospheric nitrogen which allows it to grow on, and improve, poor soils and has high protein content. It is grown throughout Oman in both plains and mountains as summer crop between April and June. Its exact area, productivity and yield figures are not documented. The seeds can be eaten fresh along with the pods and leaves as a vegetable whereas dried seeds are cooked. The plant is used as a green or dry forage.
In cowpeas seed size is considered as an important trait as it directly influences productivity [7] along with seed colors, which determine grain quality for marketing. The seed sizes in cowpea range from less than 10 g to even more than 30g per 100 seeds [8] [9] . Commercially, the consumers prefer cowpea seeds of medium to large (15 to 25 g) in the market [10] . Genetic diversity in the crop species is the key for improvement and development of effective conservation strategies [11] [12] [13] . The available genetic diversity in the indigenous germplasm is very useful for selecting diverse parents in breeding programs. There have been several studies undertaken on genetic diversity of cowpea populations not only in the past [14] [15] but also recently [13, 16] .
In Oman, a range of cowpea ecotypes is grown mainly for their dual food value, and local affinity due to varied ecological conditions. However, due to changing land use patterns and the gradual introduction of high-yielding varieties/crops of commercial value, the indigenous germplasm of various crop species, including cowpea is slowly getting extinct. Since almost three decades, several collecting missions were carried out to collect germplasm of different crops grown in Oman either independently or jointly with national and international organizations [17] [18] [19] . During these missions the most of the landraces of alfalfa, wheat, barley and grain legumes like chickpea, faba bean, cowpea, lentil, fenugreek etc. were collected and preserved in local conservation facilities. In continuation of these, a series of joint collection missions between the Sultan Qaboos University and the Ministry of Agriculture & Fisheries of Oman were undertaken from different sites within all the governorates of Oman from 2008 to 2009/2010 [17] to safeguard and maintain the genetic diversity of vast indigenous germplasm available in legume crops of Oman. This paper presents the results of cowpea germplasm collection in addition to a brief account of their diversity in respect of few seed traits because of their importance from marketing perspective.
MATERIALS AND METHODS
Materials and methods for germplasm collection and conservation adopted were as described by Al-Saady et al. [17] . Indigenous cowpea accessions were collected from 62 sites across all the governorates of the Sultanate (Table 1) . Seed length and width (cm), test weight (1000 seed), seed color and nature of seed samples (pure or mixture) were recorded in the laboratory according to Ghalmi et al. [20] . The principal component analysis method was followed in the extraction of the components using correlated matrix from the crop collection data. Principal Component Analysis was performed using XLSTAT software [21] .
RESULTS
During collecting mission of land races of legume crops, 64 seed accessions were collected from different governorates of Oman. The highest number of accessions were obtained from Sharqiya (Eastern) governorates (19) , followed by Dhofar (Southern) governorate (17) , Al-Dakhliyah (Interior) governorate (10), South Batinah (coastal) governorate (9), North Batinah (coastal) governorate (5) and Dhahira & Buraimi governorate (4) ( Table 1) . The cowpea accessions had large variation for all the seed traits investigated such as seed length (cm) and width (cm), 100-seed weight (g) and seed color (Table 2) (Table 2) .
Principal Component Analysis:
The Principal Component Analysis (PCA) was performed to comprehend which combination type of three seed characters contribute high quality of the indigenous cowpea germplasm in terms of their value in marketing. The scree plot of the PCA (Figure 1) showed that the first two eigenvalues had major proportion of the variance in the dataset. Similarly, the first two PCAs extracted from the components amounted to 96.515 % with PC 1 having eigenvalue of 2.388 and PC 2, just 0.507 (Table 3 ). The PCA simplifies the complex data to transform the number of associated traits into a smaller number of principal components as PCs or factors (Fs). The first PC has maximum variability in the data-set in comparison with succeeding components. In the present study, the PCA grouped the estimated cowpea variables into three main components of which PC 1 accounted for 79.608% of the variation; PC 2 for 16.907% and PCA 3 for 3.485% (Table 3 ). The first PC was positively influenced by seed length with the value measuring 0.949 and 100-seed weight with 0.926 whereas the second PC was also influenced positively by seed width but with low value (0.608). However, third PC was also associated with seed length but had low value (0.237) ( Table 4) . Similarly, only positive and significant correlation values (r) were found between three seed traits, studied viz. seed length vs seed width (0.620*), seed length vs 100-seed weight (0.821**) and seed width vs 100-seed weight (0.555*) ( Table 5 ). In terms of per cent contribution of seed traits to the PCs, both seed length and 100-seed weight together contributed to the extent of 73.63% to PC1 and 99.19% to PC3 whereas seed width alone had 72.82% contribution to PC2 (Table 6 ). The scatter of 64 indigenous cowpea accessions in biplot graph of the first two principal components as X and Y -axes clearly showed pattern of clustering in all the four quadrants of the graph and separated into 14 clusters where the accessions belonging to the same cluster are closely positioned to form clusters in whichever quadrants of the graph they belonged due to their similarities ( Figure 2 and Table 7 ). The number of accessions in clusters ranged from single (Cluster I and Cluster VIII) to the highest of 7 (Cluster XI and Cluster XII). The remaining 10 clusters had accessions ranging from 4 to 6. The accessions of the clusters either belonged exclusively to the same governorates like Shariya (Eastern) (Clusters II and IV) and Dhofar (South) (Clusters X, XII and XIV) or to different governorates (Clusters III, V, VI, VII, IX, X, XIII). Each cluster varied greatly with respect to means of seed characters, studied (Table 7) . 
DISCUSSION
A range of indigenous cowpea germplasm was collected during the collecting mission from the most of governorates of the Sultanate of Oman. Sharqiya governorates represented the most collections (29.69%), followed by Dhofar (26.56%), Al-Dakhliyah (Interior) (15.63%), South Batinah (coastal) (14.06%), North Batinah (7.81%) and and Dhahirah & Buraimi (6.25%) (Fig.3) . Interestingly, Musandam governorate had no contribution to collections during this collecting mission ( Figure 2 ) possibly because of irrigation water shortage in the area and farmers' switch over to greenhouse cultivation of vegetables [2] . The results of critical examination of seed samples of cowpea germplasm accessions at the laboratory revealed large variation not only in seed size characters but also in seed coat patterns (color). These variations observed in seed size among the collected samples of indigenous Omani accessions are in conformity with those observed in previous studies that dealt with either local small germplasm [6, 9, 12, 13, 16, 24, 25] or core collections of large germplasm available at IITA, Nigeria, Africa [26] . In the this study, 113 accessions of cowpea obtained from the CSIR -PGRRI genebank at Bunso, Ghana and IITA, Nigeria, were classified into four main types namely black, big black eye, mottle and mottle eye and investigated their genetic diversity using SNP (Simple Nucleotide Polymorphism) markers [27] . In the present study, villages located closely to collecting sites had interestingly either similar or different patterns of seed coat color indicating the presence of large amount of heterogeneity through mixing at the farmers'level in the collected cowpea seed samples/ accessions. Hence, there is need for intensive purification of seed accessions into sub-groups with respect to seed color pattern [17] .
The widespread exchange of landraces of cowpea between wilayats and neighboring governorates indicates that these landraces/accessions are the products of centuries of selection for adaptation to local climatic, edaphic and cultural factors to eventually have unique gene complexes, which reflect local agro-climatic differences and evolution [17] [18] [19] 22] . Constant availability of local landraces with the farmers indicates existence local conservation strategy for sustainable production [17] . Genetic erosion of landraces of cowpea was found in Musandam governorate, as there were no collections (Fig. 2) . In other governorates like Al-Dakhliyah, Al-Batinah and Dhahirah & Buraimi lower number of samples were obtained than the collections made in other collecting missions in the past in Oman [23] . This is attributed to displacement of landraces by modern high-yielding crops, changes in land use pattern, erratic drought, and the lack of enthusiasm among present day farmers to grow non-commercial crops like cowpea.
The correlation analysis of seed characters showed their significant (p<0.05) and positive associations between each other. Selection of strongly associated characters like seed length and 100-seed weight can be used to improve seed quality characters that influence yield and their value in marketing [9, 12, 16] .
The results of PCA analysis are expected to be valuable to the breeders in detecting the phenotypic characters that contribute higher genetic variations among the genotypes for selecting potential accessions as parents in crossing program to improve the traits of interest for productivity in quantity and quality [25] . In the present study, the results of PCA clearly showed that all the seed traits contributed positively to PCA1 indicating that this component reflected the potentiality of seed size in cowpea germplasm whereas only seed width contributed positively to PCA2. The existence of wider phenotypic variation among the indigenous cowpea germplasm was further explained by the biplot graph which indicated an overview of the similarities and differences among the cowpea accessions as well as of the interrelationships between the variables, studied. The graph characteristically demarcated the accessions about their scattering pattern based on the first two dimensions/ components into 14 clusters based on seed characters in all the four quadrants, indicating the existence of wide genetic variation for the traits, studied. The accessions OMA 291 from Wadi Atayeen, Sharqiya and OMA 219 from Izki, Al-Dakhliya (Interior) occupied extreme positions from the origin of the graph showing that they are genetically distinct accessions whereas other accessions were more concentrated around the origin on PCA2 which indicated their genetic similarity for the seed traits. The fact that accessions of certain clusters were similar or different in terms of their locations indicates the extent of inter-exchange of the accessions among the farmers of different governorates [17] . It is suggested that the accessions of different clusters be used in crossing program for improvement of seed characters, as these accessions would be genetically divergent.
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